INTRODUCTION
============

Femoropopliteal artery injury (FPAI) is the most common injury occurring in the arteries of the lower extremity, accounting for approximately one-third of all cases. FPAIs are associated with a mortality rate of approximately 10%, as patients frequently present shock \[[@b1-vsi-35-016]\].

Over the years, the management of FPAIs has developed with the early diagnostic modalities for arterial injury and application of an advanced vascular repair technique using a hybrid surgical procedure. An amputation rate of up to 20% has been reported, although the appropriate arterial reconstruction was performed in FPAI cases \[[@b1-vsi-35-016]--[@b3-vsi-35-016]\]. The high amputation rate in patients with blunt vascular injuries to the extremities can be attributed to the high-energy mechanism of such injuries and the resultant amounts of damage to bone, nerve, and soft tissue, not typically to the vascular injury itself \[[@b4-vsi-35-016],[@b5-vsi-35-016]\]. Other tissues are injured with varying frequencies according to the mechanism of arterial injury. In general, fractures occurred at a high frequency in blunt traumas, with rates as high as 80% to 100% in some reports \[[@b6-vsi-35-016]\]. In cases of penetrating trauma, fractures occurred in only 15% to 40% of cases \[[@b6-vsi-35-016]\]. Recently, cases of blunt trauma have increased as compared with cases of penetrating trauma in lower extremity arterial injuries \[[@b3-vsi-35-016]\]. The presence of a significant tissue injury correlates with amputation in FPAI \[[@b1-vsi-35-016]\]. In FPAIs with fracture, both vascular reconstruction and orthopedic fixation are essential. The method and priorities of treatment are varied and still controversial \[[@b2-vsi-35-016],[@b7-vsi-35-016],[@b8-vsi-35-016]\]. For improving the survival and limb salvage rates, the current situation in FPAI must be completely understood. However, the number of studies regarding FPAI in Korea is small. To increase our knowledge regarding this topic, we studied the mechanisms, treatments, and results of FPAIs, along with the factors that lead to amputations.

MATERIALS AND METHODS
=====================

We evaluated 24 patients who underwent treatment for acute FPAI at a single institution between January 2013 and December 2017. We retrospectively reviewed preoperative (age, sex, mechanism of injury, injury severity score \[ISS\], mangled extremity severity score \[MESS\], and time from the accident to the admission to the operating room), operative (time to revascularization, method of vascular repair, and order of vascular repair and orthopedic repair), and postoperative (amputation and fasciotomy, and cause of amputations) clinical data. Total ischemic time was defined as the time from accident to revascularization. ISS was defined on the basis of the accumulation of the three squared abbreviated injury scale (AIS) scores (ISS=A^2^+B^2^+C^2^, where A, B, and C are the AIS scores of the three most frequently injured body areas) \[[@b9-vsi-35-016],[@b10-vsi-35-016]\]. MESS was defined on the basis of the skeletal/soft tissue injury score, limb ischemia, shock, and age ([Table 1](#t1-vsi-35-016){ref-type="table"}) \[[@b11-vsi-35-016]\].

FPAI was confirmed using preoperative computed tomography (CT) angiography or operative angiography. Surgical intervention was performed as soon as the arterial injury was recognized. In the cases of a combined orthopedic injury, the order of arterial reconstruction or orthopedic fixation was determined by the physician. First, we exposed the injured artery and controlled the proximal and distal vessels. For exposure of the common femoral or proximal superficial artery, we performed a longitudinal incision in the inguinal area. For the mid and distal femoral or popliteal artery, we performed a longitudinal incision medially, near the injured artery. After Fogarty thromboembolectomy was performed, we confirmed the arterial flow. We reconstructed the artery and vein, and administered intravenous heparin if it was not contraindicated. The method of repair differed among the cases, such as interposition with the saphenous vein, patch angioplasty, primary repair, and ligation. If we suspected compartment syndrome after revascularization, we performed a 2-incision, 4-compartment calf fasciotomy intraoperatively or postoperatively. The indications of fasciotomy were persisting paralysis or paresthesia after vascular reconstructions with severe swelling after revascularization or intramuscular pressure of \>20 mmHg. The time and method of fasciotomy were determined by each physician.

We divided the patients into two groups, an amputation and a limb salvage group. The primary end point was a comparison of patient characteristics and operative method between the two groups. The secondary end point was the risk factors that led to amputation. Then, we compared the characteristics and postoperative results between the groups by using the independent t-test and Fisher exact test, and examined the factors that led to amputation by conducting a logistic regression test. This study was a retrospective study that did not cause any harm to the study subjects; therefore, the requirement of informed consent was waived by the institutional review board.

RESULTS
=======

Twenty-four femoropopliteal arterial reconstructions in 24 patients from January 2013 to December 2017 were included in this study. Of the patients, 20 male (83.3%) and 4 female (16.7%) were included. The first age quartile was 28 years, and the third age quartile was 45 years (range, 15--68 years). The mechanisms of injury were blunt trauma (21/24, 87.5%) and penetrating trauma (3 of 24, 12.5%). The mean ISS was 16 (range, 4--55), and 5 patients (20.8%) had ISSs of \>20 points. The mean MESS was 3.8 (range, 1--11), and 8 patients (33.3%) had MESSs of \>5 points. The mean total ischemic time was 10.5 hours (range, 5--16 hours).

In terms of arterial injury location, the common femoral, superficial femoral, and popliteal arteries were injured in 4 patients (16.7%), 16 patients (66.6%), and 4 patients (16.7%), respectively. Sixteen cases of simultaneous venous injuries (66.7%) and 4 cases of venous reconstructions were found. Seventeen patients (70.8%) underwent an associated orthopedic fixation, of whom 8 patients (47.1%) underwent orthopedic fixation first and 9 patients (52.9%) underwent arterial revascularization first. Seven patients (21.9%) underwent only vascular repair without orthopedic fixation. The method of vascular repair was primary closure (45.8%), patch angioplasty (16.7%), and bypass or interposition with a vein graft (37.5%; [Table 2](#t2-vsi-35-016){ref-type="table"}).

Five patients (20.8%) required fasciotomy in the intraoperative (n=2) and postoperative periods (n=3). Despite arterial reconstruction, 5 patients underwent above-knee amputation. The causes of amputation were failed revascularization (2 patients), soft tissue injury (1 patient), and osteomyelitis (2 patients). One case of mortality occurred owing to postoperative pulmonary complications occurred.

Statistically significant differences in ISS, MESS, and orthopedic injury were found between the amputation group and limb salvage group ([Table 2](#t2-vsi-35-016){ref-type="table"}). ISSs of \>20, MESSs of \>7, and orthopedic fixation were the statistically significant factors associated with amputation ([Table 3](#t3-vsi-35-016){ref-type="table"}).

DISCUSSION
==========

FPAI is the most common injury in the arteries of the lower extremity, accounting for approximately one-third of all cases. As is typical for the general population with FPAI, patients tend to be young, aged 30--39 years and predominantly male (70%--90%) \[[@b2-vsi-35-016],[@b4-vsi-35-016]\].

Over the years, the management of FPAI has developed, with early diagnostic modalities for arterial injuries, such as CT angiography, and application of advanced vascular repair techniques, such as endovascular repair. Despite appropriate arterial reconstruction, an amputation rate of up to 20% has been reported \[[@b1-vsi-35-016],[@b2-vsi-35-016],[@b12-vsi-35-016],[@b13-vsi-35-016]\].

In this study, the amputation rate was 20.8% (5/24 patients) in all FPAI cases. Other studies showed that the amputation rate reported in FPAI ranged from 10% to 40% \[[@b14-vsi-35-016]--[@b17-vsi-35-016]\]. Despite the improvements in diagnostic tools, surgical techniques, and postoperative management, the limb salvage rate in FPAI is difficult to increase. The high amputation rate in patients with blunt vascular injuries to the extremities can be attributed to the high-energy mechanism of such injuries and the resultant amounts of damage to bone, nerve, and soft tissue, not typically to the vascular injury itself \[[@b4-vsi-35-016],[@b5-vsi-35-016]\]. The causes of amputation in our study varied, such as failed revascularization, soft tissue injury, and osteomyelitis.

In our study, the risk factors that led to amputation were MESSs of \>7, ISSs of \>20, and orthopedic fixation. The ischemic time and order of vascular reconstruction did not affect the amputation outcome. In other studies, blunt trauma \[[@b17-vsi-35-016]--[@b20-vsi-35-016]\], femoral arterial injury \[[@b7-vsi-35-016],[@b20-vsi-35-016]--[@b22-vsi-35-016]\] involving the popliteal artery, major soft tissue injury, compartment syndrome, age of \>55 years, and ischemia for \>6 hours \[[@b3-vsi-35-016]\] were risk factors of FPAI. In another study, ISS, MESS, or other factors did not accurately predict the functional outcomes in FPAI \[[@b18-vsi-35-016]\]. Ischemia duration was not an influencing factor of the amputation rate because of the small number of cases in our study. Although ischemic time can reflect the degree of cell death, time tolerance varies according to ischemic severity or collateral flow development \[[@b2-vsi-35-016]\]. The overriding principle in treating acute arterial injury, including FPAI, is to avoid prolonged warm ischemia, as seen in almost all previous studies. Reduction of ischemic time is important to avoid amputation, although our study shows that an ischemic time of \>8 hours did not affect the amputation rate.

FPAI affected severe reperfusion syndrome and compartment syndrome despite successful revascularization \[[@b1-vsi-35-016],[@b16-vsi-35-016],[@b17-vsi-35-016]\]. We performed 5 fasciotomies (20.8%) after successful revascularization for compartment syndrome. The overall fasciotomy rate in this study is similar to that in previously reported series \[[@b2-vsi-35-016]\]. All fasciotomy wounds in our series were successfully closed using with primary closure or skin graft. Liberal fasciotomy saves limbs, but the fasciotomy wounds themselves are a source of morbidity \[[@b2-vsi-35-016]\].

This study has several limitations, including its retrospective design, single-center site, and limited number of patients. Therefore, we did not recommend any specific treatment method and indication of surgery. Owing to the small number of patients, a between-group comparison should be performed with caution.

In conclusion, in our study, the limb salvage rate after FPAI was similar to that in previous reports. In particular, MESSs of \>7, ISSs of \>20, and orthopedic fixation affected the amputation rate. In cases of FPAI with a MESS of \>7, systemic injury, ISS of \>20, and orthopedic fixation, amputations would be considered. In such cases, we were also careful to make maximum efforts for limb salvage.
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###### 

Mangle extremity severity score

  ------------------------------------------------------------------------- ----------------------------------------------
  Skeletal/soft tissue injury                                               
   Low energy (stab, simple fracture, and pistol gunshot wound)             1
   Medium energy (open or multiple fractures, and dislocation)              2
   High energy (high-speed motor vehicle accident or rifle gunshot wound)   3
   Very high energy (high-speed trauma+gross contamination)                 4
  Limb ischemia                                                             
   Pulse reduced or absent but with normal perfusion                        1[\*](#tfn1-vsi-35-016){ref-type="table-fn"}
   Pulseless, paresthesias, and diminished capillary refill                 2
   Cool, paralyzed, insensation, and numbness                               3[\*](#tfn1-vsi-35-016){ref-type="table-fn"}
  Shock                                                                     
   Systolic blood pressure always \>90 mmHg                                 0
   Hypotensive transiently                                                  1
   Persistent hypotension                                                   2
  Age (y)                                                                   
   \<30                                                                     0
   30--50                                                                   1
   \>50                                                                     2
  ------------------------------------------------------------------------- ----------------------------------------------

Score doubled for ischemia after \>6 h.

Data from the article of Helfet et al. (Clin Orthop Relat Res 1990;(256):80--86) \[[@b11-vsi-35-016]\].

###### 

Comparison of the patients' characteristics and operative method between the limb salvage and amputation groups

  Variable                                    Value (n=24)   Limb salvage (n=19)   Amputation (n=5)   P-value
  ------------------------------------------- -------------- --------------------- ------------------ ---------
  Age (y)                                     36 (15--68)    34 (15--68)           45 (33--58)        0.564
  Male                                        20 (83.3)      16 (84.2)             4 (80.0)           0.822
  Comorbidity                                                                                         
   Hypertension                               8 (33.3)       6 (31.6)              2 (40.0)           0.722
   Diabetes                                   4 (16.7)       3 (15.8)              1 (20.0)           0.723
   Cardiovascular disease                     3 (12.5)       3 (15.8)              0 (0.0)            N/A
   COPD                                       2 (8.3)        2 (10.5)              0 (0.0)            N/A
   Chronic renal failure                      3 (12.5)       2 (10.5)              1 (20.0)           0.569
   Smoking                                    14 (58.3)      11 (57.9)             3 (60.0)           0.932
  Mechanism of injury                                                                                 0.569
   Blunt                                      21 (87.5)      17 (89.5)             4 (80.0)           
   Penetrating                                3 (12.5)       2 (10.5)              1 (20.0)           
  ISS                                         16 (4--55)     12 (4--38)            33 (22--55)        \<0.001
   \>20                                       5 (20.8)       1 (5.3)               4 (80.0)           
  MESS                                        3.8 (1--11)    3.1 (1--9)            8.2 (7--11)        \<0.001
   \>7                                        8 (33.3)       3 (15.8)              5 (100.0)          
  Total ischemic time                         10.5 (5--16)   9.2 (5--15)           11.6 (5--16)       0.722
   \>8 h                                      16             13                    3                  
  Location                                                                                            0.155
   Common femoral artery                      4 (16.7)       3 (15.8)              1 (20.0)           
   Superficial femoral artery                 16 (66.7)      14 (73.7)             2 (40.0)           
   Popliteal artery                           4 (16.7)       2 (10.5)              2 (40.0)           
  Simultaneous venous injury and management                                                           0.722
   Yes                                        16 (66.7)      13 (68.4)             3 (60.0)           
    Ligation                                  12 (50.0)      10 (52.6)             2 (40.0)           
    Reconstruction                            4 (16.7)       3 (15.8)              1 (20.0)           
   No                                         8 (33.3)       6 (31.6)              2 (40.0)           
  Simultaneous orthopedic injury                                                                      0.177
   Yes                                        17             12                    5                  
    Vascular repair first                     9              7                     2                  
    Orthopedic fixation first                 8              5                     3                  
   No                                         7              7                     0                  
  Method of repair                                                                                    
   Primary closure                            11 (45.8)      10 (52.6)             1 (20.0)           
   Patch angioplasty                          4 (16.7)       3 (15.8)              1 (20.0)           
   Bypass or interposition with vein graft    9 (37.5)       6 (31.6)              3 (60.0)           

Values are presented as mean (range), number (%), or number only.

COPD, chronic obstructive pulmonary disease; ISS, injury severity score; MESS, mangled extremity severity score; N/A, not available.

###### 

Univariate and multivariate analyses of risk factors that lead to amputation

  Variable                    Univariate analysis[a](#tfn6-vsi-35-016){ref-type="table-fn"}   Multivariate analysis[b](#tfn7-vsi-35-016){ref-type="table-fn"}                           
  --------------------------- --------------------------------------------------------------- ----------------------------------------------------------------- ----------------------- ---------
  Blunt injury                0.975 (0.615--1.459)                                            0.64                                                              0.898 (0.735--1.421)    0.980
  ISS \>20                    2.624 (1.178--4.389)                                            0.03                                                              2.804 (1.261--5.427)    0.020
  MESS \>7                    3.468 (2.128--7.269)                                            \<0.01                                                            4.565 (1.923--8.254)    0.010
  Fasciotomy                  1.251 (0.615--2.273)                                            0.64                                                              1.034 (0.488--1.932)    0.450
  Ischemia \>8 h              1.524 (0.192--1.846)                                            0.35                                                              1.667 (0.192--2.243)    0.250
  Preceding vascular repair   1.122 (0.853--1.425)                                            0.76                                                              1.089 (0.894--1.234)    0.820
  Venous injury               1.365 (0.156--4.235)                                            0.56                                                              1.8.27 (0.565--5.456)   0.560
  Orthopedic fixation         1.801 (1.215--3.475)                                            0.03                                                              1.610 (1.228--3.774)    \<0.010

OR, odds ratio; CI, confidence interval; ISS, injury severity score; MESS, mangled extremity severity score.

Univariate analysis using the Fisher exact test.

Multivariate analysis using the logistic regression test.
